
Nick Bree

Instituut voor Kern- en Stralingsfysica, K.U.Leuven

Nuclear spectroscopy group

A. Andreyev, B. Bastin, P.A. Butler, M. Carpenter, J. Cederkäll, E. Clement, 
T.E. Cocolios, A. Deacon, D. DiJulio, J. Diriken, A. Ekström, S. Freeman, L. 
Fraile, T. Grahn, M. Guttormsen, B. Hadinia, K. Hadynska, M. Hass, R.-D. 

Herzberg, M. Huyse, D.G. Jenkins, R. Julin, Th. Kröll, R. Krücken, V. Kumar, 
A.C. Larsen, P. Marley, S. Martin-Haugh, P.J. Napiorkowski, R. Orlandi, J. 

Pakarinen, N. Patronis, A. Petts, P.J. Peura, E. Piselli, P. Rahkila, M. Scheck, 
S. Siem, K. Singh Chakkal, J.F. Smith, I. Stefanescu, G. Tveten, J. Van de 

Walle, P. Van Duppen, D. Voulot, F. Wenander, K. Wrzosek and M. Zielinska

Shape coexistence in the neutron-deficient 
lead region



Content

• Physical motivation

• Experimental set-up

• Coulomb excitation of 182,184,186,188Hg

• Conclusion and future perspectives

Content



Physical Motivation

A. Andreyev et al., Nature 
405, 430 (2000)

This presentation: N. Bree, A. 
Petts

Rn: A. Robinson

B. Bastin



π=80

82

2d5/2

1h11/2

2d3/2

3s1/2

1g7/2

1h9/2

llllll

llllllllllll

llll

llllllll

ν=104

126

2f7/2

1i13/2

3p3/2

2f5/2

1h9/2

3p1/2

llllll

llll

2g9/2

llllllll

184Hg

0+0

2+

4+

367

1089

6+1549

8+2057

shell model: π0p2h states

mean-field approximation:

slightly oblate
J.L.Wood et al, Phys, Rep., 215, 
3&4 (1992)

Physical Motivation



π=80

82

2d5/2

1h11/2

2d3/2

3s1/2

1g7/2

1h9/2

llllll

llllllllllll

llllllll

ν=104

126

2f7/2

1i13/2

3p3/2

2f5/2

1h9/2

3p1/2

llllll

llll

2g9/2

llllllll

184Hg

0+0

2+

4+

367

1089

6+1549

8+2057llll

shell model: π4p6h states

mean-field approximation:

stronger prolate 
deformation

0+375

2+
4+

534
653

6+994

8+1412

10+1901

J.L.Wood et al, Phys, Rep., 215, 
3&4 (1992)

Physical Motivation



π=80

82

2d5/2

1h11/2

2d3/2

3s1/2

1g7/2

1h9/2

llllll

llllllllllll

llllllll

ν=104

126

2f7/2

1i13/2

3p3/2

2f5/2

1h9/2

3p1/2

llllll

llll

2g9/2

llllllll

llll

E*
intruder(4p-6h)=4( j - j’ ) - E pair + E M – E Q

K. Heyde et al, Nucl. Phys. A 466, 189 (1987)

4( j - j’ )

E Q~N N

2( j - j’ )

E Q~N N

Epairing

Epairing

g.s. g.s.

Hg,Pb Pt,Po,Rn,Ra

184Hg

Slightly oblate ground state band
Prolate band SHAPE COEXISTENCE
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Ground state band: slightly oblate deformation β2≈-0.15 

Excited band: prolate deformation β2≈+0.25 

Coulomb excitation: the transitions observed reveal information on: 

• Mixing between the different bands (transitional matrix elements)

• Information on the deformation (quadrupole moments)
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p + molten lead -> 
spallation & 

fragmentation

mass separator

REX-trap

EBIS

mass separator

acceleration 2,85 MeV/u

collision chamber

1,4 GeV proton beam

Experimental set-up
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Coulomb excitation of 182,184,186,188Hg

Isotope Summer 2008

182Hg 4.9 x 103 pps

184Hg 1.0 x 105 pps

186Hg 2.5 x 105 pps

188Hg 3.1 x 105 pps



Coulomb excitation of 182,184,186,188Hg
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Coulomb excitation of 182,184,186,188Hg

Determination of the quadrupole moment of the first excited 2+ state
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Coulomb excitation of 182,184,186,188Hg

γ –particle(188Hg)-particle(114Cd) coincidences

• Highly qualitative method to separate projectile and recoil (kinematical 
matrix picture)

• This is because the kinematics of the reaction are known.
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Coulomb excitation of 182,184,186,188Hg

γ –particle(188Hg)-particle(114Cd) coincidences

Simulation Experiment
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Doppler corrected 
spectra for the same 
γ–particle(188Hg)-
particle(114Cd) 
events.

In the experimental spectrum a cut is made 
to select the physical events.

Corresponding 
188Hg projectiles 
and 114Cd recoils 
from simulation.
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Coulomb excitation of 182,184,186,188Hg
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1> ≈ 2.0 eb >> oblate >> deformation β2≈-0.18
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Coulomb excitation of 182,184,186,188Hg
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Conclusion and future perspectives

• The ongoing analysis shows that 
diagonal and transitional matrix elements 
can be extracted.

• The Argonne PAC accepted lifetime 
measurements to be done on 
184,186,188Hg.

• Other Coulomb excitation experiments 
will take place at REX-ISOLDE in this 
mass region (e.g. B. Bastin, neutron-
deficient Polonium, 78,80,82,84Kr)


